Abstract
regions, genetic diversity of finger millet has not yet been tapped for crop improvement in addition to remaining un-described, being poorly understood and under-utilized (Upadhyaya ., 2008) . Hence, collection and evaluation of available genetic diversity seems to be important for sustainable agriculture particularly in Central Himalayan Region. The present investigation was conducted with the objective to collect and evaluate finger millet germplasm available in Central Himalayan Region of India and to find out available variability in different pheno-physiological traits for further utilization.
A total of 314 accessions having unique traits of agronomic importance were collected from altitudinal range of 225 -2250 m asl in the Central Himalayan Region ., Uttarakhand state of India. These accessions have been evaluated with four checks (two local accessions ., Almora Local and Pithoragarh Local and two released varieties i.e., VL-146 and VL-149) preferred by the farming community across the region and occupying maximum area. Climate in Central Himalayan Region is characterized by vagaries of weather. Unpredictable extreme weather and climate events have the potential to upset the normal life processes of plants and cause great uncertainty in the assessment of production and productivity. The soil at experimental site is sandy loam with medium organic matter content and pebbles in plenty. Annual precipitation average over last 10 years has been 1200-1800 mm. Temperature fluctuations during Kharif crop range from 10 -25°C.
Leaf length (cm), leaf width (cm), leaf angle (degree) of flag leaf as well as peduncle length has been measured at flowering stage. Days to harvest were counted and recorded at harvest. Plant height (cm), ear length (cm) and thousand seeds weight (g) was recorded at harvest. Days to 50% flowering and days to 80% maturity was recorded when approximately 50% plants were at flowering and 80% plants were at yellowing/ senescing stage respectively. Chlorophyll (Strain ., 1971 ) and carotenoids (Duxbury and Yentshe 1956 ) content were estimated in fresh leaf tissues at flowering stage. Lipid peroxidation was measured in terms of malondialdehyde (MDA) content following the standard procedure of Heath and Packer (1968) . Total dietary fibre contents were determined by AOAC method (2005) . Total carbohydrates content were estimated by the anthrone reagent method (Morris, 1948) . Protein content were determined by folin ciocalteau reagent method (Lowry ., 1951) and fat content byAOAC method (AOAC, 1998) .
Experiments were conducted during Kharif season (June-October) in Augmented Block Design (ABD). Five representative plants of each accession were tagged in each block for recording observations. The statistical analysis for principal component was performed using statistical software SAS 9.3. Data for each parameter were evaluated for statistical significance using two-way analysis of variance (ANOVA) to compare the means considering accession and trait as independent variables. 
Materials and Methods

Introduction
Food production in India has increased significantly in the past few decades. However, for burgeoning population food and nutrition security for days to come is still a serious concern which is to be achieved in a sustainable manner. Improvement in food production depends largely on available genetic diversity of food crops. The genetic diversity of crops is a fundamental resource for the continued improvement of varieties needed to cope with changes. To adapt the changes in the environmental conditions genetic diversity contributes to the different dimensions of food security viz., food availability, access to food, food utilization and stability. Phenological traits, ., pheno-phases of growth and development, have great impact on the adaptation of plants to the existing environment, all with the aim of achieving a maximum productivity (Richards, 1991) . Selection of one trait can reduce the chance for successful selection for some other trait, due to a competitive relationship towards the same source of nutrients. However, combination of traits in various ways contribute to the improvement of yields can result in a maximum gain of each trait individually (Quarrie ., 1999) . In developing higher-yielding crops, 'physiological phenotyping' of specific traits will be useful in developing higher-yielding cultivars (Tardieu and Tuberosa, 2010) .
is a fast growing cereal crop that reaches maturity within 3 to 6 months (Dida and Devos, 2006) . It is commonly found at altitudes between 1000 to 2000 m asl in eastern and southernAfrica and up to 2500 to 3000 m asl in the Himalayas (FAO, 2012; Dida and Devos, 2006) . It grows best at an average temperature of 23°C but can withstand cooler and hotter conditions (FAO, 2012) . Eleusine species occupy diverse habitats, ranging from open, dry places to forests under-covers. Finger millet is extensively grown in Africa and India through selection of genotypes adapted to different agro ecological conditions (Werth ., 1994; Das ., 2007) . Natural selection may play a significant role in finger millet evolution (Hilu, 1995) . It is one of the ancient millets in India (2300 BC). Presently, India is a major finger millet producing country in the world. Finger millet is important minor millet grown in more than 25 countries and accounts for 12% of the global millet area (ICRISAT, 2008) . It has been recognized as a highly nutritious food for weak and immuno-compromised people (Takan ., 2012) . It survives under severe water-deficit and other abiotic stresses and shows remarkable recovery on alleviation of stress (Govind ., 2009) . Although, this crop is adapted to resist stress, little is known about traits responsible for stress tolerance. Furthermore, meagre data is on record regarding stress and its impact on chlorophyll, carotenoids content as well as lipid peroxidation in finger millet, which are useful traits for screening germplasm for stress tolerance. Considerable genetic diversity of finger millet has been observed for a number of agronomic traits, especially among the landraces (Wanyera, 2007) . However, finger millet suffers from limited funding for research, lack of agronomic recommendations and changing farming systems that increase likelihoods of genetic erosion of finger millet. In certain 
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Considerable diversity has been found in different traits under study ., approximately five fold variability was recorded in leaf length which varied from 17.91 to 97.92 cm; leaf width ranged 0.83 to 1.23 cm. More variability was found in leaf length as compared to leaf width, reason being in cereal crops, leaf blade expansion takes place via an increase in length than in width since their emergence from sheath bundle (Bos and Neuteboom, 1998 
Results and Discussion
Genetic variation is a prerequisite for crop improvement. Environmental conditions during plant growth and development affect various morpho-physiological traits, flowering, fruiting behaviour and productivity (Trivedi ., 2015a) . Response of a crop to environmental conditions varies from genotype to genotype. Germplasm characterization is an important link between conservation and utilization of plant genetic resources in crop improvement programmes (Kaluthanthri and Dasanayaka, 2016 Table 2 : Principal components, eigen value, percent variance and contribution of the first four principal component axes to variation in finger millet based on phenol-physiological traits longevity and number of seeds a plant can produce per year (Moles and Leishman, 2008) . These traits are crucial in determining how a species lives, grows and reproduces. Days to 50% flowering in different accessions have been found to vary 66 days to 98 days. Transition from vegetative to reproductive phase measured as days to 50% flowering is a critical developmental finger millet is grown as food, feed/ fodder and consumed by disadvantaged groups, plant height is an important trait for selection. Height is a decisive trait of a plants ability to compete for light and correlated with traits such as leaf mass per unit area and canopy area (Falster and Westoby, 2003) . It is an important part of life-history traits including seed mass, time to reproduction, 72.56 to 79.22% (Fig. 2b) , fat content 1.31 to 2.52% (Fig. 2c) and protein content 5.66 to 12.96% (Fig. 2d) . Available finger millet diversity has a vast scope for supporting the commercially grown crops by reducing pressure on their availability, cheap source of nutrients as well as it can be raised at low management cost (Sankhala ., 2004) .
Principal components and percentage contribution of each component to total variation is shown in Table 2 . First four variables contribute 87.96 % of total variability. First component accounted for 46.14% of total variation and contained four main traits corresponding to plant height (0.9815), flag leaf length (0.129), days to 50% flowering (0.1023), ear head length (0.08509). Second principal component contributed 20.26 % of total variability; four main traits responsible for positive contribution were days to 50% flowering (0.898), days to 80% maturity, flag leaf length (0.1298) and days to harvesting (0.03719). Similarly, flag leaf angle (0.958), flag leaf length (0.247), days to 80% maturity (0.08338) and lipid peroxidation (0.04143) were the highest contributing traits to third principal component which accounted for 11.44 percent of total variation. Fourth component contributed 10.11 % of total variation having flag leaf length (0.9386), ear head length (0.04278), days to 80% maturity (0.03399) and flag leaf width (0.001999) as the highest positive contributors. It is evident that only four principal components contributed considerably towards diversity. Plants perceive environmental signals which affect plant processes (Soares-Cordeiro ., 2010) in turn difference in effect on plant processes is pivotal for diversity. The understanding of plant responses to environmental conditions is crucial for plant behaviour in climate change perspective (Trivedi ., 2015b) .
Collection and evaluation of germplasm may be used as a strategy to identify trait specific germplasm. The results reveal considerable diversity in finger millet germplasm of Central Himalayan Region that can be utilized for tailoring climate resilient varieties and selection of germplasm for cultivation in different agro-climatic conditions/ zones. A wide gene pool with known pheno-physiological traits might be a boon for continued improvement of crops through breeding as well as for food security.
Authors are thankful to the Director, ICAR -National Bureau of Plant Genetic Resources, Pusa Campus, New Delhi for providing necessary facility and keen interest in the study. Authors are thankful to the research expertise of the also for critical comments to technically improve the manuscript. th switch and a key adaptive trait which ensures that plants set their flowers at an optimum time for pollination, seed development and dispersal (Cockram ., 2007) . Considerable variation recorded in maturity time of different accessions (days to 80% maturity ranged from 117 to 147 days and days to harvesting ranged 141 to 149 days) indicates their potential for utilization in different agroclimatic conditions. Investigating genetic diversity and patterns of early-and late flowering landraces is very important since flowering cycles and photoperiod sensitivity play a crucial role in the adaptation to climatic conditions (Diack . 2017 ). There is a critical need for adapting local agriculture to harsher future conditions, landraces and improved varieties adaptation will mostly rely on standing genetic variation available within the cultivated compartment (Diack . 2017) . Farmers as well as plant breeders have selected differences in flowering time to increase yield and extend the agricultural flexibility and ecogeographical range of crops (Cockram ., 2007) . Nevertheless, more than three fold diversity was recorded in ear head length which ranged from 4.16 to 14.61 cm. Ear head length is an important trait of plant productivity, if seeds are set properly. Thousand seeds weight varied from 1.01 to 4.71g (Table 1) . Himalayan Region, at present, is facing the challenges created due to increasing aridity, warmer winter season, variability in precipitation and unexpected frosts and storms (Renton, 2009) which largely affect the entire range of biodiversity (Kala, 2013) and an increase in interest for germplasm suitable to changing conditions. Chlorophyll content at flowering stage ranged 1.02 to 6.90 mg.g fresh tissues (Fig. 1a) . Chlorophyll contents are of particular significance to agriculture as indicators of photosynthetic activity (Bojovic and Stojanovic, 2005) . In plants, maximum chlorophyll content occurs at the outset of the flowering phase and chlorophyll is believed to take part in the process of organoganesis (Simova-Stoilova ., 2001) , hence estimation of chlorophyll at flowering stage may give better relative values of the photosynthetic activity of germplasm. Carotenoids content ranged 0.87 to 4.33 mg.g fresh wt. (Fig. 1b) . Carotenoids have two important functions in plants. First, they contribute to photosynthesis by transferring some of the light energy they absorb to chlorophylls. Chlorophylls use this energy to drive photosynthesis. Second, they protect plants which are overexposed to sunlight, by harmlessly dissipating excess light energy, which they absorb, as heat. Hence, these are useful for stress tolerance. Ample variability in lipid peroxidation has been found in collected germplasm which varied 0.55 to 7.42 nmol MDA formed mg protein h (Fig. 1c) . Lipid peroxidation is an indicator of oxidative stress (Jagtap and Bhargava 1995) . It is most easily ascribed symptom of oxidative damage (Zhang and Kirkham, 1996) . Variability in this trait may be utilized to screen the germplasm for stress tolerance.
Ultimately, seed quality traits are main criteria for selection of a crop to be grown in a region on large scale. From the study, it is evident that substantial diversity of seed quality traits is available in the germplasm viz., dietary fibers in powdered seeds varied from 12.91 to 18.18% (Fig. 2a) , carbohydrates content 
